Introduction
Sublingual immunotherapy (SLIT) was introduced as a further effort to improve the safety of hyposensitisation to inhalant allergens, which emerged in the eighties as a critical issue of the conventional subcutaneous route [1, 2] . Previous attempts with other non injection routes did not meet such a need, because of inefficacy regarding the oral route and because of the impractical administration regarding the nasal route [3] . The sublingual route, by which the allergen extract is kept under the tongue for a few minutes and then swallowed, has instead accumulated increasing evidence on its efficacy and safety in the last 15 years and is currently a viable option for subcutaneous immunotherapy (SCIT). In fact, if in the Position paper on immunotherapy from the European Academy of Allergology and Clinical Immunology published in 1993 was reported that "more conclusive data is needed before sublingual immunotherapy can be recommended as a routine treatment of allergic diseases" [4] , already the 1998 WHO document stated that "adequately controlled and well designed studies provided evidence that this form of treatment can constitute a valid option to parenteral immunotherapy" [5] . Indeed, the most important achievement was obtained with the Cochrane meta-analysis, which after reviewing more than 20 controlled studies concluded that "SLIT is a safe treatment which significantly reduces symptoms and medication requirements" [6] .
Due to the importance of dose dependence in conventional SCIT, it is useful to consider this issue in SLIT under the two aspects of efficacy and safety.
Dose dependence of efficacy of SLIT
First studies on SLIT were conducted with low allergen doses but following the introduction of high dose allergen extracts it became apparent that the latter was more clinically effective. In the 2001 consensus document ARIA (Allergic Rhinitis and Its Impact on Asthma) the available data led to the statement "efficacy of high dose sublingual immunotherapy (at least 50-100 times higher than the cumulative dose of subcutaneous immunotherapy) was documented in double-blind placebo controlled controlled studies. Lower doses are not effective" [7] .
Recent data strengthened such concept: a placebo-controlled study on patients suffering from ragweed-induced rhinoconjunctivitis reported that after five months of SLIT only the high In addition, in vitro studies addressed with the role of dendritic cells, currently considered to be of pivotal importance in orienting toward tolerance the immune response to allergens, showed that the internalisation of allergen molecules, which is followed by tolerogenic presentation to T cells, depends on the amount of allergen. However, such dose dependence is not apparent concerning the safety. In fact, the comparison of studies respectively conducted with high and low allergen doses did not show differences in the rate of systemic reactions, which in any case never had the presentation of anaphylaxis, and instead a significant difference in the rate of local reactions, following the oral and gastrointestinal contact with the allergen extract, in favour of high dose studies. dose -about 400 times higher than the standard dose administered with SCIT -was effective on nose and eye symptoms and on antihistamines consumption, while the low dose did not differ from placebo treatment [8] .
With the same ragweed model, a trial conducted in Canada demonstrated that high dose SLIT is effective also with a co-seasonal schedule, since after only two weeks of treatment actively treated patients had symptom-medication scores significantly lower than placebo treated patients [9] .
The relevance of direct comparison between SLIT and SCIT is obvious, and the study by the Malling group conducted in a double-blind double-dummy fashion (with patients respectively treated with placebo SLIT plus active SCIT, active SLIT plus placebo SCIT, and double placebo) found that SLIT with a birch extract with a dose 200 times higher than SCIT was as effective than SCIT on allergic symptoms during the birch pollination peak in February [10] .
It is interesting to note that high dose SLIT seems to share with SCIT some outcomes of clinical efficacy: we observed, in children allergic to grass pollen treated with SLIT with a cumulative dose 375 times higher than the standard dose of SCIT, a blunting of the seasonal rise of pollen-specific IgE measured in nasal secretion [11] , as generally observed in serum with effective SCIT [12] . At the same time these patients had lower symptom-medication scores, while children treated with a cumulative dose only 85 times higher than SCIT did not show such clinical and immunological outcome.
Lack of dose dependence of safety of SLIT
With SCIT, the need to administer high allergen doses to provide clinical efficacy is counterbalanced by the risk of adverse reactions, similarly dose-dependent [13] . It is reasonable to argue that also with other routes a dose dependence of safety would occur, and in fact it was reported with the oral and respiratory routes [3] . By contrast, there is no dose dependence of safety with SLIT, which has his typical adverse reaction in local disturbances, often transient and self-remitting, at oral and gastrointestinal contact with the allergen extract. In some studies conducted with low doses respiratory reactions were observed [14] [15] [16] but it is difficult to establish if such reactions were caused by the treatment or by the insufficient control of the disease.
An analysis published in 2000 [17] of the controlled studies available at that time which used high dose extracts -included one study administering a dose 500 times higher than SCIT [18] -reported a very good safety profile of active treatment compared to placebo and, of particular importance, no anaphylactic reactions.
In the aforementioned study by the Malling group, directly comparing SLIT to SCIT with a 200 times ratio, there were five systemic reactions and one anaphylactic reaction to SCIT in front of no systemic reaction at all with SLIT [10] .
However, the most complete appraisal of SLIT safety was recently provided by an analysis which considered 25 controlled studies and compared low dose to high dose trials [19] . The findings showed that severe systemic reactions were absent and that there was no significant difference in the rate of slight/moderate systemic reactions between the two regimens. Instead, a significant difference was found in the rate of local reactions, which were 209 in 445 patients treated with high dose compared to 423 in 302 patients treated with low doses (p < 0.0001). Such a difference is difficult to explain, but at least two hypotheses can be posed, one suggesting that low amounts of allergen molecules may interact more efficiently with the specific IgE in the oral mucosa, as occurs in the socalled oral allergy syndrome [20] , and the other considering that the reporting of local reactions may have a variable level of accuracy in the different studies, being possible to overlook them as negligible.
In addition, the safety in pediatric application is very satisfactory [21] and this led to verification of the possibility of applying SLIT in children aged less than 6 years, generally considered in consensus documents not eligible for allergen immunotherapy [4, 5] . A recent study conducted with high dose SLIT in children aged 3 to 7 years found a similar rate of reactions (not severe enough to require discontinuation of treatment) in subjects aged 5 years or less compared to older subjects [22] .
Immunologic mechanisms underlying the dose-dependence
Definite demonstrations of the mechanism of action of SLIT are not yet available, but increasing evidence attributes to dendritic cells a central role in the response to allergen molecules reaching the mouth. These cells are sparsely distributed in the mucosa including the external epithelial layer and show the anatomic features of the Langerhans cells present in various areas of the body with the function of antigen presenting cells. They are characterised by the expression of the high affinity IgE receptor FcepsilonRI related in atopic subjects to serum IgE levels [23] . The link of dendritic cell's IgE receptors, including the low affinity receptor CD23, with the allergen molecules elicits the production of a cytokine pattern which reduces the proliferation of Th2 cells, with a particular role for generation of regulatory T cells [24] . In an in vitro model it was observed that the internalisation of allergen molecules and control proteins were dose and time dependent and related to the immature state of the cells, with a higher efficiency for allergens, namely Bet v1 and Phl p 1 [24] , which is likely to depend on the linking by the Fcepsilon RI receptor [25] .
Thus, it seems reasonable to conceive that following the contact of the oral mucosa with the allergen administered with SLIT there is an activation of dendritic cells, which when reaching the most superficial layers phagocytate the allergen by macropinocytosis and transport it to the lymph nodes draining the anatomical area. Once migrated in the lymph nodes, dendritic cells express costimulatory molecules and interact with the naïve CD8 and CD4 T cells, a number of factors (including the allergen amount) being critical in determining a T response or tolerance.
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